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INTRODUCTION
Traditionally, the aim of systematics has been the
description and classification of organisms into taxa
which accurately express their phylogenetic relationships.
Early investigators, lacking relatively sophisticated
analytical methods, based animal classifications primarily
upon gross morphological comparisons.
More recently, superior analytical methods have been
introduced, increasing the number of stable criteria with
which to compare animals and infer relationships.
Consequently, numerous taxa are under revision or have
been revised based upon results of more detailed and
accurate comparisons.
Cestode classifications continue to be based primarily
upon comparisons of adult morphology and, to a lesser degree,
life cycles and host specificity.

Much current cestode

taxonomy needs review and revision based upon newer criteria
which may now be available.

Voge (1969) has partially

summarized current problems in cestode taxonomy.
Summaries of recent advances in cestode biochemistry
(von Brand, 1952), embryogenesis (Rybicka, 1966b), postoncospheral development (Voge, 1967)* and physiology
(Smyth, 1969) indicate that newer analytical methods are
now being applied to cestode investigations.
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The application of electron microscopical and histochemical studies to cestode classifications appears
promising.

Ultrastructure studies (Baron, 1971; Collin,

1969; Morseth, 1965; Pence, 19o?, 1970; Swiderski, 1968)
are often combined with or complement histochemical
studies.

Several investigators (Coil, 1963* 1967> 1968,

1970a, 1970b; Ogren, 1953, 1956, 1957a, 1957b, 1958, 1959a,
1959b; Ogren and Magill, 1962; Rybicka, i960, 1961, 1964a,
1964b, 1964c, 1965, 1966a, 1966b) have applied histochem
ical and embryological analyses of cestodes to taxonomic
studies.
Such studies demonstrate that the structure, physiol
ogy and development of cestode oncospheres and larval
stages are, in many cases, reliable indexes of true
phylogenetic relationships.

Voge (1969) states that,

MIt Is most likely that the structure of the egg shell
and some of the membranes enclosing the embryo is generally
stable and should be useful In the differentiation of
some species.”

*

Voge (1969) indicates that the Anoplocephalidae are a
major problem area in cestode taxonomy.

Two major areas

of controversy concern: (1) whether bionomic and structural
differences found in certain members of the Linstowiinae,
a previously established anoplocephalid subfamily, warrant
raising the subfamily to family status; and (2), deciding
what the limiting characteristics of the genus Oochoristlca
Lfthe, I898 should be.
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Stunkard and Lynch (19^4) discuss various taxonomic
problems within the genus Oochorlstica.

Milleman and Read

(1953) and Milleman (1955) include Oochorlstlca in the
family Linstowiidae Mola, 19^9* asserting that true members
of the Anoplocephalidae are transmitted by oribatid mites,
whereas members of the Linstowiidae (including Oochorlstlca)
are transmitted by coleopteran and lepldopteran insects*
Widmer and Olsen (1967) added orthopterans to the list of
proven intermediate hosts, but listed Oochorlstlca osheroff1
Meggitt, 1934 as an anoplocephalid.
Based upon comparisons of embryogenesis and oncosphere
histochemistry, Ogren (1957a) concludes that, H •

«* «*

the anoplo-

cephalid cestodes of*the subfamily Linstowiinae represented
a group separable from other Anoplocephalidae.'"

Rybicka

(1966b) and Voge (1967) support this proposed separation
of the Anoplocephalidae based upon their comparisons of
oncosphere and post-oncosphere development.

The first of

the two previously mentioned problems in anoplocephalid
taxonomy seems to have been solved.

Unfortunately, little

light has been shed upon the proper limits of the genus
Oochorlstlca.

In the interim, another problem concerning

this genus has arisen.
Using staining and histochemical procedures, Ogren
(1953? 1956, 1957a, 1957b) described the development of
the oncospheres and embryonic envelopes of Oochorlstlca
symmetrica Baylis, 1927*
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Based on these studies, Ogren divided the Cyclophyllidea
on the basis of separate modes of embryophore formation.
One group (embryophore-stereogastrulae) was characterized
by a true embryophore of cellular origin.

A second group

(oncosphere-stereogastrulae) which included Hymenolepididae,
Dilepldidae, and Anoplocephalidae (now Linstowiidae) was
characterized by a non-cellular pseudoembryophore derived
from epidermal (penetration) gland secretions.

No blasto-

meres were said to contribute to the egg membranes or shells.
However, degenerating blastomere nuclei were included
in text drawings of 0. symmetrica and Dilepls undula (Plate II,
Pig. 1-4).

Moreover the use of the term Minner capsule”

and other terms in Ogren#s 1959^ work on D. undula
indicates an unannounced departure toward the terminology
of the group having a cellular embryophore.
The numerous embryological and histochemical studies
published on hymenolepids and dilepidids since Ogren
proposed his hypothesis counterindicates the existence of
the second (oncosphere-stereogastrulae) type of development
in these groups (Bona, 1957; Douglas, 1963; Rybicka, 1964a,
1966b).

However, no conclusive histochemical or embryol-

ogical investigations have been published on any member of
the Linstowiidae.

Clearly, this question needs resolution.

The aims of this investigation are: (1) to compare
histochemically two members of the genus Oochoristica;
and (2), to resolve the question of the origin of the
embryophore and embryonic envelopes in the Linstowiidae.

MATERIALS AND METHODS
Specimens of 0. osheroffi employed in this study
were taken from the small intestines of prairie rattle
snakes, Crotalus viridis viridlst collected near Keenesburg
and Platteville, Colorado in the Pall of 19^7•

Rattle

snakes were maintained in the reptile laboratory in the
Loma Linda University School of Health until sacrificed*
Specimens of Oochoristica scelopori Voge and Pox, 1950
were taken from the small intestines of Pacific fence
lizards, Sceloporus occidentalis occldentalis.

Lizards

were collected in the area along California Highway #60,
ten miles north of Sunnymead, Riverside County, California
during October, 1969 and August, 1971.
After removal from the host*s intestine, worms were
rinsed briefly in 0.85$ saline.
Worms used in histochemical analyses were relaxed in
cold tap water and fixed, in Carnoy’s fixative at -5° C
or -?0o C and refrigerated at -5° C until just prior to
use.

Worms were brought to room temperature, dehydrated

in 2 thirty-minute changes of absolute alcohol and cleared
in 2 changes of freshly dried xylene.

Embedding was under

vacuum at 56° C in a 17*3 (V/V) paraffin/piccolyte mixture.
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Transverse serial sections were cut at 6 microns
and mounting was without adhesive.

Slides were dried over

night at 37° 0 and stored at room temperature until used.
Vital stain preparations were made by teasing apart
unfixed gravid proglottids in a drop of saline which
contained either neutral red, toluidine blue or brilliant
cresyl blue.

Standard, vaseline mounts were prepared.

The histochemical and general staining methods used
in this study, unless otherwise stated, are described in
Pearse (I96I, 1968) or Lillie (1965)*
Gomori’s (1950) lead nitrate method for acid phospha
tase and Glickfs (19^9) cobalt-sulfide method for alkaline
phosphatase were used.

Mouse kidney and incubation without

substrate were the respective positive and negative
controls.

Acid mucopolysaccharides were investigated using

alcian blue 8-GX at pH 2.6, and Rinehart and Abul-Haj*s
modification of Hale’s dialyzed iron (1951)*

The periodic

acid-Schiff technique was used to identify glycogenous
carbohydrates, using unfiltered saliva and mouse liver as
controls.

Procedures for phenolic substances include Johri

and Smyth’s (1956) diazo method for phenols using fast red B
and the catechol incubation method for phenolase.

The

aqueous and mercuric bromphenol blue methods of Mazia et. al.
(1953)> xanthoproteic reaction and Millon’s reaction were
used to identify proteins.

Deoxyribonucleic acid (DNA)

was demonstrated using the standard Feulgen’s nucleal
method.
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Methods for the demonstration of ribonucleic acid (RNA)
included Flax and Himes* (1952) azure B method and
toluidine blue 0 buffered at pH 4,0 used in conjunction
with crystalline ribonuclease (Worthington Biochem).
Control slides were incubated for two hours at 40° C in
a 10 mg/ml solution of enzyme.
Routine alcohol series hydration and dehydration
were used.

Slides were cleared in xylene and mounted in

piccolyte synthetic resin (Turtox).
Photomicrographs were taken using an American Optical
Series 10 microscope fitted with 35 mm camera back and
lightmeter attachments.

Kodachrome II film and an EK

Wratten 8GB filter were used.

Film processing was by

Kodak, Inc •» Los Angeles, California.

RESULTS
Unless otherwise stated, narrative and tabulated
results pertain only to mature (infective stage) oncos
pheres.

Results of histochemical tests are summarized in

Tables I and II.
The major morphological components of linstowlid
oncospheres are drawn semi-schematically in Plate I.
Some morphological features of the oncosphere and pre
oncosphere stages have been combined to indicate probable
derivation of structures under investigation.
COAT:
The term Hcoat*? is used in this study to designate the
outermost limiting membrane of the oncosphere and may be
synonymous with the terms "capsule11 or "vitelline shell"
of other authors.

The coat and uterine capsule were

histochemlcally indistinguishable in tissue sections.
In living oncospheres, the uterine capsule swells and
separates from the coat (see Plate III, Pig. 2).
0ocher 1st-lea sceloporl:

Tests indicate the coat is

composed of a structural glycoprotein or mucoprotein.
Toiuidine blue and azure B showed an intense metachromasla
in the coat (Plate IV, Pig. 1-2).

Large concentrations of

glycogenous and non-glycogenous carbohydrates are suggested
by the PAS test results (Plate VI, Pig. 1-2).
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Intense alcian blue and Hale^ iron reactions indicate
acid mucopolysaccharides are present.

The strong PAS,

Hale*s and alcian blue reactions are conspicuously absent
prior to the late preoncosphere stage.
The mercuric bromphenol blue reaction identifies the
presence of a protein component.

The reaction was also

heavy and showed a distinct color shift or metachromasia
toward the red end of the spectrum.
No indications of sclerotin precursors (basic proteins,
phenols, phenolase) were found.
Oochoristica osheroffi:

The coat of 0. osheroffi is

similar to that of 0. scelopori, differing mainly in the
intensity of the observed reactions.

A glycoprotein or

mucoprotein with a much greater protein to polysaccharide
ratio is indicated.
The PAS, Hale^ iron and alcian blue reactions were
positive but significantly reduced.

No toluidine blue or

azure B metachromasia was seen.
Mercuric bromphenol blue gave a strong reaction,
again indicating a protein component.
reaction was observed.

A faint Millon's

Sclerotin precursors were absent.

OUTER ENVELOPE:
Ristochemically, the outer envelopes of 0. scelopori
and 0. osheroffi are nearly identical and will be
described together.
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In cyclophyllldeans, the outer envelope is formed
early in embryogenesis by two or more macromeres which
separate from the morula and surround the developing
embryo•
The newly developed outer envelope is filled with
glycogen granules and shows strong reactions for acid
mucopolysaccharides.

Nuclei stand out in sharp relief,

being devoid of both substances.

Nuclei have large azure B

and toluidine blue positive nucleoli and peripheral ribonucleoprotein.

The Feulgen reaction is positive only in

the peripheral chromatin of the nucleus.
The cytoplasm breaks down rapidly, leaving pycnotic
nuclei, cellular debris and a clear fluid.

The PAS, Hale * s

iron and alcian blue reactions become limited to the extreme
periphery of the envelope.

A membrane separates the outer

and inner envelopes.
As the cytoplasm is breaking down, a heavy build-up
of lipid droplets form sausage-shaped "caps*' at opposite
poles (Plate I, Fig. 1).

The caps are apparently separated

by membranes which eventually disappear and allow free flow
of the lipid droplets (Plate I, Fig. 2).
INNER ENVELOPS:
In both species studied, inner envelope formation
appeared to conform to Rybicka's (1966b, p. l4l) first
described cleavage pattern.
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In the preoncosphere stage, three inner envelope
mesomeres were observed detached from the embryo and
situated in a syncytial cytoplasmic layer Just inside the
outer envelope.

The cytoplasm is relatively thick and

appeared homogeneous.

While undergoing changes accompanying

embryophore formation, the cytoplasm decreases, virtually
disappearing.
For comparison purposes, reactions in the preoncosphere
will be described also.
Oochorlstica scelopori:

Hale’s iron and alcian blue

show a homogeneous light blue coloration until Just prior
to embryophore formation.
the cytoplasmic layer.

Dark blue linings then delimit

Small and evenly distributed mer

curic bromphenol blue and PAS positive granules are seen in
the envelope prior to embryophore formation.

A non-specific

light blue azure B coloration is also found.
After embryophore formation, only the inner and outer
linings of the embryophore were PAS, Hale’s iron and alcian
blue positive.
Oochorlstica osheroffi:
same as for 0. scelopori♦

Reactions were generally the
The inner portion of the envelope

showed more intense coloration with Hale’s iron and alcian
blue.

Questionable acid phosphatase activity was detected.

No sclerotin precursors were found in either species.
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EMBRYOPHORE:
In both species studied, a thin embryophore is formed
in accordance with cyclophyllidean pattern nA" of Rybicka
(1966b, p. 150).
The three mesomeres forming the inner envelope move
centrally and are seen to degenerate.
embryophore is formed.

Concurrently, the

Some inner envelope cytoplasm is

excluded and remains at the periphery of the developing
embryophore.
Since the embryophore develops relatively late in
embryogenesis, pycnotic nuclei can be seen within this
structure during the late preoncosphere stage.
Oochoristica scelopori:

Tests indicate the embryophore

is proteinaceous, showing positive Killon’s and xantho
proteic reactions.
No glycogenous or non-glycogenous polysaccharides or
acid mucopolysaccharides are found in the fully developed
embryophore.

A thin outer and thick inner lining which is

PAS, Hale's iron, alcian blue and mercuric bromphenol blue
positive is seen.
Both aqueous and mercuric bromphenol blue are negative
in the embryophore proper.

No sclerotin precursors were

found.
Oochoristica osheroff1;

Reactions again indicate a

protein composition of the embryophore.

The glycogen, acid

mucopolysaccharide and protein linings are again observed.
Moderate acid phosphatase activity was found.
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HOOKS:
The hooks in both species, although morphologically
distinguishable, showed identical histocheinical reactions
and will be considered together.
The Millon’s and xanthoproteic reactions were faint
but positive throughout the hook shank, collar and blade.
Aqueous bromphenol blue gave positive reactions at the
terminal knob, in the collar region, and at the tip of
the blade.
In cross section, only the central core of the hook
was aqueous bromphenol blue positive while the outer layer
showed only faint Millon's and xanthoproteic reactions.
Red B salt and catechol Incubation gave questionable
results which should best be regarded as negative.
PENETRATION GLANDS:
Two large uninucleate glands are bilaterally situated
in the germlnative cell region of the oncosphere,

Each

gland elongates toward the opposite hemisphere and. terminates between the medial and lateral hook pairs.
or other openings were observed.

No pores

Reactions were identical

in both species except where noted.
Used intravitally, toluidine blue exhibited pronounced
metachromasia in 0. scelopori.
was observed in 0. osheroffl.

A less intense metachromasia
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SOMATIC CELLS:
The somatic cells of the oncosphere form an eosino
philic cytoplasmic syncytium mainly located in the hook
region, but may also enclose the germinatlve cells of the
opposite hemisphere.
The somatic cells of 0. scelopori and 0, osheroffi
were histochemically indistinguishable and will be
considered together.
The PAS technique showed a uniformly positive reaction
in the somatic cell cytoplasm.

The cytoplasm of oncoblasts

and any cytoplasm associated with the binucleate center
was positive.

The syncytial cytoplasmic network between

the germinative cells is often positive while the germinative cells are either distinctly negative or only faintly
stained.
A few toluidine blue and azure B positive granules
are scattered throughout the hook region.

Using the Feulgen

technique, 6 to 10 chromocenters can be identified in
the same region.

The binucleate center appears as two

Feulgen^ positive centers located near the base of the
hooks.
Very light mercuric bromphenol blue and alcian blue
reactions were present.
The PAS reaction was strongly positive prior to
saliva treatment and was diminished only slightly by
digestion.
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GEBMINATIVE CELLS:
Tvrelve to fourteen gerniinative (plastin) cells are
located in the presumptive scolex region of the oncosphere,
antipolar to the hooks*

The cells are relatively large

(3-4u) with correspondingly large nuclei (2-3u)*

Nuclei

of germinative cells are easily identified by their
prominent and eccentric nucleoli.
The cell cytoplasm is highly basophilic, granular and
thinly applied around the nucleus.

Cell boundaries are

well delimited.
Ooohoristica scelooori:

Two prominent flask-shaped cells

are located immediately below the termination of the medial
hooks.

The cytoplasm of these cells was more basophilic

than the remainder of the germinative cells.
Hale's iron and alcian blue positive granules are
dispersed throughout the cytoplasm of these cells.

Peulgen's

nucleal, toluidine blue, and azure B gave positive reactions
within the nucleus.

The red coloration of the Feulgen's

nucleal reaction was limited to the thin chromatin lining
of the nuclear membrane.

No Feulgen positive material was

found in the cytoplasm.
The coarse ribonucleoprotein granules of the inner
nuclear lining were toluidine blue and azure B positive.
The cell cytoplasm was also strongly positive for both
stains, but only toluidine blue used intravitally exhibited
metachromasia.
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Oochoristlca osheroff1:

Staining reactions were similar

to those described for 0. soeloporl, differing mainly in
the intensity of some reactions.

There was a marked reduc

tion in the intensity of toluidine blue and azure B
staining.

No metachromasia was found after toluidine blue

was used intravltally.
The flask-shaped germinative cells were not conspic
uous in this species.

Table I.
Results of histochemical tests on oncospheres of
Oochoristlca osheroff1

*{*4- - strong positive reaction
+ = positive reaction
+ = questionable or non-specific reaction
__ = negative reaction
M = metachromatic reaction
N = reaction confined to the nuclei
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Results of Histochemical

Tests on Oncospheres

of Oochoristica osheroffi
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Table II.
Results of histochemical tests on oncospheres of
Oochorlstlca scelopori

•

•
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+ = positive reaction
+ = questionable or non-specific reaction
_ = negative reaction
M = metachromatic reaction
N = reaction confined to the nuclei
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Results of Histochemical Tests on Oncospheres
of Oochoristica scelopori
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DISCUSSION AND CONCLUSIONS
Histochemically, oncospheres of 0* osheroffi and
£• scGlopori are very similar.

Test results generally

agree with published results concerning other Cyclophyllidea as reviewed by Rybicka (1966b).
The oncosphere coat contains substances common to
both the outer envelope and the uterine capsule.

Various

authors have identified glycogen, non-glycogenous polysac
charides, mucopolysaccharides and mucoproteins in the outer
envelope and coat of cyclophyllideans (Bona, 1957; Cheng
and Dyckman, 1964; Coil, 196?; Hedrick and Daugherty, 1957;
Ogren, 1957a, 1957b, 1959h; Ogren and Magill, 1962; Pence,
1967, 1970; Rybicka, 1964b, 1964c, 1965, 1967a).
Lethbridge (1971) demonstrated proteins, but not carbohydrates,
in the coat of Hymenolepis diminuta.
No sclerotin precursors were identified in the coat
of either species studied, although sclerotin has been
reported from cyclophyllideans (Ogren, 19596; Ogren and
Magill, 1962; Coil, 1967).

It should be stressed that in

order to successfully demonstrate sclerotin, at least three
precursors (basic proteins, phenols and phenolase) must be
identified.

The presence of any singular component is not

sufficient evidence to conclude the presence of sclerotin.
The intense acid mucopolysaccharide reactions found in
the coat of 0. scelonori are absent prior to the late
preoncosphere stage.
21

22
Concurrently, the uterus breaks down Into the character
istic uterine capsules which show the same intense reactions.
Perhaps, as shown by Pence (196?) in Dipylidium caninum,
the uterine capsule and coat are partially formed by
cellular modifications of the uterine lining,

Parenchyme

cells are often seen adhering to the uterine capsule
in living oncospheres (Plate III, Fig, 2) and In sectioned
material.

In Ooohoristica vacuolata, Hickman (1963)

suggested a parenchymatous or uterine origin of the outer
most membrane.
The accumulation of lipid substances seen in the outer
envelope of 0, osheroffi and 0. scelopori was also reported
by Ogren (1953* 195?b) in 0, symmetrica and originally
reported in 0. scelopori by Voge and Fox (1950).

Similar

accumulations have been reported in Gyrocoella pagollae
(Coil, 1963) and H. dimlnuta (Hedrick, 1958; Lethbridge,

197D«
Lipids are generally considered to be the metabolic
by-products of carbohydrate metabolism in cestodes.

The

lipid droplets accumulate as the carbohydrate stores of the
outer envelope are depleted, being heaviest in mature oncos
pheres.
Contrary to the views of Ogren (1953> 195?&s 195?b),
the outer and inner envelopes were found to be formed by
blastomeres from the morula.

The outer envelope develops

first, formed by two macromeres.
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The inner envelope, originally formed by at least three
mesomeres, later produces the embryophore.

Nuclei of

two inner envelope mesomeres and an outer envelope macromere are easily seen in Plate V, Fig, 1.

Various authors

have noted that although Ogren claims a non-cellular
origin of the embryophore and outer envelope in 0. symmetrica
and 2* ttndula (Ogren, 1953, 195?a, 1957b, 1958, 1959b),
accompanying figures often include apparently degenerating
nuclei (Plate II, Fig. 1-4).
Ogren (195?a) states, "Sometimes the presence of two
or three unidentified nuclei..was difficult to understand.
However, all these cells were important to consider since
they later lost cytoplasmic characteristics and appear as
miscellaneous nuclei outside the oncosphere."
Irreconcilable with his views on the acellular nature of
the embryophore and envelopes, Ogren (195?a) explained the
nuclei as persistent vitelline cell nuclei or " •

• •

posslbly

from other embryos below or as the remains of an unfertilized oocyte accidentally included in the same capsule with
a dividing zygote."
It is now apparent that these unexplainable nuclei
belong to the cells which comprise the outer and inner
envelopes and that the embryophore is formed by the degen
eration of the cells of the inner envelope.
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When questioned about this apparent incongruity
among cestodes of the same genus, Ogren replied, "It is
not likely that there are such great differences between
the species as your work suggests,

A more likely possibil-

ity at present is that my interpretation was not the
correct one" (Ogren, personal communication).
The embryophore is proteinaceous with inner and outer
linings containing glycogen and acid mucopolysaccharides.
These linings are apparently the last vestiges of the
inner envelope cytoplasm.

The protein nature of the cyclo-

phyllidean embryophore has been confirmed by various
authors (see Rybicka, 1966b).

Ogren (19579-, 1957b) reported

positive Millon’s, ninhydrin-Schiff and xanthoproteic
reactions in the embryophore of 0. symmetrica, thus indic
ating the presence of a non-keratinaceous structural
protein.

Among the Taeniidae, Johri (1957) and Morseth

(1966) have demonstrated keratin to be the main structural
component of the embryophore.
Acid phosphatase activity was found in the embryophore
of 0. osheroffi, but not 0. sceloporl.

Erasmus (1957a*

1957t>) found alkaline phosphatase activity highest in the
mature proglottids of Taenia pisiformis and Moniezia
expansa, but found no activity in the oncospheres.
Bogitsh (1963), investigating Hymenolepis microstoma, and
Waitz (1963)* studying Hydatigera taeniaeformis, were
unsuccessful in demonstrating alkaline or acid phospha
tases in the embryo.
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Coil (1970b) reported acid and alkaline phosphatase
activity in the embryophore of Shipleya inermis, confirm
ing my unpublished observations«

Erasmus (1957b) correl

ated phosphatases with the elimination of fatty acids
and/or carbohydrate metabolism.
Hook formation in Oochoristica has been described by
Ogren (1957b),

Tests indicate the hooks are proteinaceous

with an inner core of basic proteins.

Proteins were

detected in the hooks of D. undula by Ogren (1958) and
^-n Diplophallus polymorphus by Coil (1967).

Pence (1967)

reported keratin as the major component of D. caninum hooks.
The inner core was reported to be high in phospholipids.
Penetration glands have been reported from nearly all
cyclophyllideans studied.

Coil (3.987) could not identify

these glands in Diulophallus.

Penetration glands have been

reported among the Linstowiidae by Gallati (1959)s Hickman
(1963)» Milleman (1955)* Ogren (1957a) and Rendtorff (19^8).
The penetration glands are generally considered to
secrete a proteolytic or cytolytic substance (enzyme)
through poros located between the medial and lateral pairs
of hooks.

The enzyme lyses the cells of the intestinal

mucosa in the intermediate host, thus facilitating penetra
tion.

Pores were not observed in either of the species

under investigation.
Glands in Oochoristica were PAS positive before and
after saliva treatment.

Results agree with Silverman and

Maneely (1955) who investigated taeniid oncospheres.
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Periodic acid-Schlff positive reactions in penetration
glands have been reported by Eogitsh (1963) anc* Coil (1963)*
Sawada (1961) reported that the PAS reaction disappeared
after oncosphere penetration into the intermediate host,
perhaps indicating that an enzyme-polysaccharide complex
was breaking down.

In Oochorlstlca, the presence of a

highly complexed polysaccharide, an acid mucopolysaccharide
and a mucin (sulfated polysaccharide) are indicated.
Hlstochemical reactions within the somatic and
germinative cells were typical for cyclophyllideans,
as described by Rybicka (1966b).

The somatic cells

showed a syncytial cytoplasm with a marked lack of basophilia.

Very small chromocenters are found dispersed

within the syncytium.

Glycogen accumulations In this

area may be correlated with the hook musculature.
Germinative cells showed the characteristic basophile
cytoplasm and large accumulations of cytoplasmic RNA
associated with protein synthesis (Rybicka, 1966b, 1967b).
Ribonucleic acid accumulations are heaviests in the mature
oncosphere since it is the germinative cells which
multiply and differentiate into the metacestode and,
later, the adult.
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This study makes two important contributions to
helminthological research.

First, this study forms a

basis from which helminthologists can further explore
the applicability of comparative histochemical studies
to the solutions of problems within cestode systematics,
especially problems related to the Linstowiidae and
Oochorlstica.
Secondly, this study confirms the hypothesis that
the embryophore, inner envelope and outer envelope are
formed by blastomeres from the morula.

The contention

that these structures are secreted by the penetration
glands is no longer tenable.
Rybicka (1966b) has indicated that the method of
formation of embryonic envelopes and the physiological
changes in the developing embryo are, embryologically,
the two most important phylogenetic indicators,

This

study and others cited have shown that information concern
ing these processes can be derived from histochemical
analyses and comparisons of oncospheres.
The amount and quality of evidence derived from such
histochemical investigations will largely determine the
contribution histochemistry may make to the science of
cestode systematics.
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Plate I.
Major morphological components of a linstowiid oncosphere
List of abbreviations:
Co—Coat
no---- O<r»v-io

^ tto

^0*1 1

SC—Somatic Cell
MN—Macromere Nucleus
OE-'-Outer Envelope
IE—Inner Envelope
EN—Embryophore Nucleus
Em—Embryophore
PG—Penetration Gland
CM—Oncospheral Membrane

Plate II.
Representative figures from Ogren (1957&jt>, 1958, 1959"b)»
indicating the cellular origin of the embryophore
Figure 1.

after Ogren (1957b), Fig. 15

Figure 2.

after Ogren (1957a), Fig. 32
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after Ogren (1959b), Fig. 12

Explanation of abbreviations:
PN
BMC
ON
IC
EG

=
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=
=

parenchymal nuclei
binuoleate medullary center
oneoblasts
inner capsule
epidermal gland cell
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Plate

BMC

Representative figures from Ogren (195?a*t>f 1958, 1959'b)»
indicating the cellular origin of the embryophore

Plate III,
Live observations of Oochoristlca osheroffi using neutral
red as a vital stain
Figure !•

Sausage-shaped lipid accumulations
in the outer envelope. Note penetration
glands basolateral to hooks. X1260.

Figure 2.

Parenchyma ceils remain attached to
uterine capsule; symmetry of lipid
accumulations is easily altered.
X280.
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Plate IV.
Metachromasia In the coat
Figure 1.

Metachromatic (lavender) reaction in
the coat of 0. osheroff1. Toluidine
blue, X2800.

Figure 2.

Metachromatic (purple) reaction in the
coat of 0. sceloporl. Azure B, X2800.

Plate V,
Comparison of alcian blue reactions in oncospheres
of Oochoristlca osheroffi and Oochoristlca scelopori
Figure 1.

Early preone©sphere stage of 0. osheroffi
showing inner envelope mesomeresT^TeTT
outer envelope macromere (Ma) and
<ry
Vt Oovjri.

Figure 2,
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Late preoncosphere stage of 0* scelopori;
note intense reaction in coat and polar
macromeres of outer envelope, X2800.
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Plate VI,
Comparison of periodic acid-Schiff reactions in oncos
pheres of Oochoristica osheroffi and Ooohoristica
scelopori
Figure 1.

Mature oncosphere of 0, osheroffi
showing faint positive reaction in coat
and strong positive reaction of glands
and somatic cells. X2800.

Figure 2*

Mature oncosphere of 0. scelopori
with intense reaction in coat and
negative reaction in germinative
cells. X2800.
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ABSTRACT
Infective oncospheres of Oochorlstica osheroffi and
Oochoristica scelopori were compared using fifteen histochemical tests.

Vital stains were also used.

Camoy’s-fixed gravid proglottids were vacuumembedded in a paraffin-piccolyte mixture and cut transversely
at 6 microns.

Sections were tested for the presence of

phosphatases, proteins, sclerotin precursors, nucleic acids,
carbohydrates and acid mucopolysaccharides.
Oncospheres were histochemlcally very similar.

Heavy

concentrations of mucoproteins and glycoproteins were
detected in the oncospheral coat of 0. scelopori»

Acid

phosphatase was found in the embryophore of 0. osheroff1,•
but could not be demonstrated in 0. scelopori.

No evidence

of a sclerotized egg capsule was found in either species.
In both species studied, the embryophore is formed
by the degeneration of cells of the inner envelope.

The

outer envelope is formed by two macromeres and gradually
accumulates many large lipid droplets.

The possible origin

of these droplets Is discussed.
This study confirms the often hypothesized cellular
origin of the embryophore, outer envelope and Inner envel
ope.

These structures were previously reported as being

formed acellularly.
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